Fly strains These were generated from our dlish mutant and UAS-dlish stocks (1), recombined with strains from the Bloomington Drosophila Stock Center, with the exceptions of FRT 82B slimb 1 (2) provided by N. Tapon, UASp-ex.eGFP (3) provided by H. McNeill, UAS-dlish-RNAi (GD46726) and UAS-slimb-RNAi (GD34273) from the VDRC, and the two new null dlish alleles dlish Y003 and dlish B1601 (see below).
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Fig. S1 Other supplementary materials for this manuscript include the following: Dataset S1 TCTCACAGTTACGAACAATCTCCG) primer pairs, and then cloned into pTV[cherry] vector (4) . Both the guide RNA and homologous recombination constructs were injected into embryos of the cas9expressing fly strain Bloomington 51324. G1 flies were screened for a red-eye phenotype as a proof of pTV[cherry] integration, and further analyzed by genomic DNA sequencing. dlish B1601 deletes nucleotides 17,723,433-17,724,834 on chromosome 2, removing coding for amino acids 1-350.
Immunostaining and microscopy
Immunostaining and microscopy of imaginal discs and adult wings was performed as described (1, 5) using 20 min of Brower fix on ice before anti-Ex, anti-Dachs or anti-Dlish. Guinea pig anti-Expanded (6) , provided by R. Fehon, was used at 1:2,000; rabbit anti-Expanded (17), provided by A. Laughon, was used at 1:2,000; mouse anti-Diap1, provided by A.J. Zhu, was used at 1:200. To compensate for cell structures lying in different confocal planes, Z-stacks were taken from planes that encompassed the entire subapical region for all the cells shown. NIH ImageJ was used to make Z-projections and cross-sections. To measure areas, regions were traced using NIH ImageJ.
DNA constructs
Plasmids listed below were built using In-Fusion HD Cloning Plus (Clontech 638909). Ex truncations used ExN (aa 1-653), ExC (aa 654-1427), ExC1 (aa 654-911), ExC2 (aa 912-1164), ExC3 (aa 1168-1427) (7) cloned into pUAST-attB-FLAG. DNA for pUAST-attB-Crb intra -FLAG was PCR amplified, using primers TTAAAGTGAATCAATTAAAAGT and TAGTTTAACACATTATACACTT, from UAS-Crb intra flies (2) provided by N. Tapon. pWIZ-dlish and pWIZ-slimb for RNAi in S2R+ cells used DNA amplified from dlish or slimb cDNAs with primers: dlish: (CTAGTCTAGAGCATTTCTTTGCCCCGT and CTAGTCTAGACGCTTTGTAATCATACA); slimb (CTAGTCTAGAATCAGTGGCTCCAGCGA and CTAGTCTAGAATGTTCCATCAAGGCCG). ( Fig. 3E ) pCMX-FLAG-ExC1, pCMX-FLAG-ExC2, pCMX-FLAG-ExC3, pGEX2T-Dlish. (Fig. 3F ) pUAST-attB-FLAG-GFP, pUAST-attB-ExC3-ΔSH3bd-1-FLAG, pUAST-attB-ExC3-ΔSH3bd-2-FLAG, pUAST-attB-ExC3-ΔSH3bd-3-FLAG, pUAST-attB-ExC3-ΔSH3bd-1,2-FLAG, pUAST-attB-ExC3-ΔSH3bd-1,3, ExC3-ΔSH3bd-2,3-FLAG, pUAST-attB-dlish-HA.
( Fig. 3G ) pUAST-attB-FLAG-GFP, pUAST-attB-dlish-ΔSH3-1-FLAG, pUAST-attB-dlish-ΔSH3-2-FLAG, pUAST-attB-dlish-ΔSH3-3-FLAG, pUAST-attB-dlish-ΔSH3-1,2-FLAG, pUAST-attBdlish-ΔSH3-1,3-FLAG, pUAST-attB-dlish-ΔSH3-2,3-FLAG, pUAST-attB-Ex-HA.
Fig. 6:
( Fig. 6A ) pUAST-Slimb-FLAG, pGEX2T, pGEX2T-Dlish-SH3-1, pGEX2T-Dlish-SH3-2, pGEX2T-Dlish-SH3-3.
( Fig. 6B ) pUAST-attB-Slimb-HA, pUAST-attB-Ex-FLAG, pUAST-attB-ExN-FLAG, pUAST-attB-ExC-FLAG, pUAST-attB-FLAG-GFP, pUAST-attB-ExC1-FLAG, pUAST-attB-ExC2-FLAG, pUAST-attB-ExC3-FLAG.
( Fig. 6C ) pET28b-ExC2, pET28b-ExC3,pGEX2T, pGEX2T-Dlish, pGEX2T-Slimb. (Fig. 6D ) pUAST-attB-Ex-FLAG, pUAST-attB-HA-Ubi, pUAST-attB-Crb intra -FLAG, pWIZ, pWIZ-Slimb, pWIZ-Dlish.
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( Fig. S1A ) pUAST-attB-Dlish-HA, pUAST-attB-FLAG-GFP, pUAST-Dachs-FLAG, pUAST-Hpo-FLAG, pUAST-Wts-FLAG, pAC5.1-Mats-FLAG, pUAST-Yki-FLAG. Fig. S2 :
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(Fig. S2A) pUAST-attB-FLAG-GFP, pUAST-attB-Ex-FLAG, pUAST-attB-ExN-FLAG, pUAST-attB-ExC-FLAG. (Fig. S2B) pUAST-attB-FLAG-GFP, pUAST-attB-ExC1-FLAG, pUAST-attB-ExC2-FLAG, pUAST-attB-ExC3-FLAG.
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pUAST-attB-Dlish-HA, pUAST-attB-FLAG-GFP, pUAST-Dachs-FLAG, pUAST-attB-POSH-FLAG.
Immunoprecipitation, GST pull-down, binding between in vitro translated and GST-purified proteins and western blotting
These were as previously described (1). New antisera for western blotting were guinea pig anti-Expanded (1:8,000) (6), rabbit anti-Expanded (1:8,000) (8), IRDye® 680RD Donkey anti-Mouse IgG (H + L) (1:10,000) (LI-COR Biosciences Cat# 925-68072), IRDye® 800CW Goat anti-Rabbit IgG (H + L) (1:10,000) (LI-COR Biosciences Cat# 925-32211), IRDye® 680RD Donkey anti-Guinea Pig IgG (H + L), (1:10,000) (LI-COR Biosciences Cat# 925-68077), rabbit anti-FLAG (1:5,000) (Easybio BE2005), and mouse anti-V5 (1:4,000) (Easybio BE2074).
Co-IPs were from co-expressing S2R+ cells, except for Fig. 3F , SI Appendix Fig. S1A , and SI Appendix Fig. S6 , where FLAG-tagged proteins were first IP'd from S2R+ cells, incubated with extract from cells expressing HA-tagged Dlish, and IP'd with anti-FLAG.
Each extract for the quantification of in vivo protein levels was prepared from 10-30 late third instar wing discs of each genotype; these were homogenized with sonication in 2x SDS-PAGE loading buffer and then boiled for 5 min before running on gels and western blotting.
Mass spectrometry
Dlish-FLAG was IP'd from S2R+ cells with 50 μL of anti-FLAG M2 beads (Sigma). The beads were washed five times with RIPA buffer, protein complexes were eluted with 3x FLAG peptide and loaded for SDS-PAGE and Coomassie staining. The gel was cut into small pieces, excluding the Dlish-FLAG band, and digested with trypsin. Peptide mixtures were analyzed with LC-MS/MS mass spectrometry using an LTQ mass spectrometer (Thermo).
Ubiquitination assay
The ubiquitination assay was as described (9), modified as follows. S2R+ cells were transfected with plasmids in 6 well plates for 68 hr, using pWIZ plasmids for RNAi (10) . Cells were treated with 25 μM MG132 for 4 hr, washed once with 1 mL ice cold PBS and lysed in 90 μl of lysis buffer (2% SDS, 150mMNaCl, 10mM Tris-HCl, pH 7.5) with 50 μM MG132, phosphatase inhibitor and protease inhibitors. After boiling for 10 min, samples were mildly sonicated, diluted with 300 μl RIPA buffer (25 mM Tris•HCl pH 7.4, 150 mM NaCl, 1% NP-40, 1 mM EDTA, 5% glycerol), incubated for 20 min 4°C, and centrifuged at 13,000g for 13 min. Supernatant was transferred to new 1.5 mL tubes and 20 μl was removed for input. Anti-FLAG beads (a2220; Sigma) that had been washed three times with 1 mL RIPA buffer were diluted to 60 μl and transferred into the supernatant for 3 hr incubation at 4°C with rotation. The beads were spun down for 2 min at 700g, the supernatant aspirated, and the beads washed for 10 min with 1 ml RIPA buffer. After four repeats, 20 μl of freshly prepared 2x sample buffer with 0.1 M DTT was added the tube and heated to 99°C for 7 min. 10 μl of the resultant sample was loaded for SDS-PAGE and western blotting. ; both contain homozygous fat fd clones, marked by the absence of green. Discs were fixed and stained in the same preparation and imaged using identical settings. Dlish levels are lower in wild type cells in the eye than in the wing, and although fat clones increase levels in both discs, levels are higher in the fat clones of the wing. (C-F). Anti-Ex staining in wing (C and E) and eye (D and F) discs containing homozygous dlish B1601 clones, identified by the absence of green. (C) and (D) were fixed and stained in the same preparation and imaged using identical settings. Ex is obviously increased in wing disc clones, but only weakly or sporadically increased in eye clones, whether anterior (left) or posterior (right) to the mitotic furrow (mf). Scale bars = 25µm. Fig. S5 . Model of Ex ubiquitination. Ex ubiquitination is driven by two E3 ligases, Slimb and POSH. Slimb-based ubiquitination of a degron in the Ex linker region is stimulated by the Crumbs ICD, which both tethers Ex apically by binding to the Ex FERM domain (12) and stimulates phosphorylation of the Ex linker degron by an unknown kinase (2) . Slimb also binds to ExC2 (7) and C3 (Fig. 6 ), while POSH binds to and ubiquitinates ExC2 (13) . Dlish binds to Slimb, ExC2 and ExC3 and aids Slimb-based ubiquitination of Ex (Fig. 6 ). Dachs helps concentrate Dlish subapically where it can bind Ex, while Fat binds and sequesters or inhibits Dlish (1, 14).
Fig. S6
. Dlish-HA co-IPs with FLAG-tagged Dachs extracted from S2R+ cells, but not with FLAG-tagged GFP or POSH, despite the higher levels of GFP and POSH.
